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ABSTRACT

A pr.ogram has been developed to prepare objective probability
of precipitation forecasts at six airports in British Columbia. An
explanation of its development and results of a'three month opera
ti onal run are di scus sed.

UNE ANALYSE DES PREVISIONS OBJECTIVES D!HIVER SUR LES
PROBABILIT8S DE PRECIPITATiONS A SIX AEROPORTS DE

COLOMBIE- BRITANNIQUE

par

M. Rose et L.- Parent

,.. ./

RESUME.

Un programme a ete mis au point pour preparer les probabilites
objectives sur les previsions de precipitations a six aeroports de la
Colombie-Britannique. On y etude une explication de sa mise au
point et les resultats de trois mois d i operation.
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1. Introduction

Parent and Rose( 1) have report.ed on the use of a multivariate
discrirninant analysis (MDA) technique to predict probability of
precipitation during the surnrner at Vancouver and Prince George
Airports. This report extends the study to the Iwinter rnonths l of
February', March and. April, and to four additional locations, the
airports at Cranbrook$ Revelstoke, Prince Rupert and Penticton o

2 0 Predictors in Discriminant Analysis

As reported earlier," the dependent variables were centered
twelve hOl..1r precipitation arnounts and rnean centered twelve hour
cloud arnounts 0 The probability- of occur renee of cloud and precip
itation was forecast for the six airports listed above. In all, 83
predictors were screened to deterrnine those best s'uited to the MDA
technique at the,se places. Prognostic data as weB as actual data
were considered in this proces s.The former included vertical
velocity and relative humidity taken £rorn the U oSo prirnitive equa-
tions (PE) rnodel. Pre;:lictors of the second ty,pe included initial
values ofsea-levelpressureand500rnb. height, sea-levelpressure
gradients as measured bypressure differences at sorne 14 observlng
sites, and 500rnb. wind speed and direction at seven upper air
stations' upstrearn l ,near or in Bri Ush Colurnbia. N orth- south and
~a_st_~~~e.st ..C ..OITlp011ents: ·'of -thes:e,' wind·s·,~w:e"r--e:-al·s-o:';·Cbifsidered:,,-· 'Teil" : - ~-- ",
predictors were chosen for each station and discriminant analysis
was rnade on the basis of I rain'or I no rain1 and i cloud' or 11.'10 cloud' $'
the latter being defined as less than seven tenths of low and middle
cloud o

3. Results on Dependent $arnple

.The dependent data set covered the period February-April
1971. Prediction equations were derived for both pa'FarneterB at
Vancouver$ Prince George" Penticton, Cranbrookand .Prince
Rupert. At Revelstoke theprecipitationMDA was done in conjunc~

tion with a Rogers Pass snowfall study and cloud data were'not
available in tirne to prepare equa tion for us e in the operational runs 0



- 2 -

At Prince George, discriminant functions were developed for
cloud and these were included in the operational runs. Unfortun
ately, restricted use of thei=oomputer prevented a printout of the
in~ividual results on the dependent data set, and hence no contin
genc y table could be prepared.

The results of an analysis of performance on the, dependent
data set in the form of contingency tables with percentage correct
are in Appendix 1. MDA probabilities of 50% and over were veri
fied a~ forecasts of occurrence, 49% or less as non-Occurrence for

. both cloud and precipitation. Skill scores as defined by Brier and
Panofsky (2) for the dependent sample are in Appendix' 6.

The standard MDA significance statistic, tfle Mahalanobis n 2 ,
as discus s ed by Miller (3) was c omputeq for all cloud and precipi~

tation func tions and a table. of these results is in Appendix 5. The
generalized Mahalanobis D 2 can be used as chi-square (under a~
sumption of norrriality) with M (g-l) degrees of freedom to test the ~

hypothesis that the mean values are the same in all rne, g groups
for these M variables.

In our case, the value of chi - square:£or 10 variables and 2
groups at the. 05 significance level is 18.3 and at the. 01 signif
icance level it is 23.2. Typical values we have calculated range
from 50 to near 200 and are, therefore, highly significant.

In addition, at Vancouver Airport an analysis was made on the
basis·of three categories. These were 'definedas 0~2tenths,3..;7

tenths, and 8-10 tenths for mean cloud amount and nil,. T r-. 24,
and.25 or more for precipitation. This three-way analysis was
intended to provide a quantitative es timate of cl"oud amount and pre-

. cipitation in ranges that were meaningful, considering the clim:ate
of the station. In this three group MDA, the group for which the
probability was highest was verified. This probability could be as
low as 34%if the remaining groups had individual probabiIlties of
33%.

Because the contingency tables in Appendix I display r.e'Sults'
obtained by using the prediction equations on the dependent data
sample, two features should be noted. The tota:ls"ofthe"actual'
rows give -the frequency of each category in the sample~ The figures.
in the boxes' repres ent a near optimum level of effec tivenes:sA:or
the technique, using these predictors. SubsequentstUdY'h~s:shown
thatascre·ening·technique using an equal number Of cas-esin' each
group can give better results in some cases and this technique' will
be used to derive future functions.

•
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4. Operational Use

The prediction equations derived above are used to produce .
guidance in real time at the Weather Office. Vancouver. Cloud and
precipitation probability forecasts are produced by computer for
twelve hour intervals centered 12. 24! and~36-hours.from reference
time. Forecast office technicians exhact the data required in the
prog ramme twice daily. either from numerical prognostic s or from
observations at the main synoptic times of OOOOZ and I200A. This
data base is also used in other office programmes. Dperations
technicians enter the data on papertape at the terminal of the tim~

sharing computer system and rill"! the operational programme. 'A
sample of the print-out is given in Appendix 2.

5. Verification

Approximately 115 probability forecasts are prepared each ~4

hours. These have been verified for the 90 day period from Feb
ruary 1.19':72. untilApril 30.1972. The 12. 24 and 36 hour fO,recasts
were scored separately'to display the decrease in accuracyattribut
able to deterioration in the prognostic data fields used in the equa
tions. Verification of these operational fo.recasts is given in Ap
pendix 3. The corresponding skill scotes shown are in Appendix 7.
In deriving the equations. 'no cloud' was defined as 0-6 tenths in
clusive. This bias was intentional since it is important in a pre
dominantly cloudy environment to emphasize in the forecast even
restric ted amounts of sunshine. However. verification was bas ed
on a convenient manuscript summary maintained in the office for
other purposeei. and cloud amount in this summary was given only
in terms of airways symbols. This had the effect of defining 'no
cloud'. as 0=5 tenths in the verifying data. When the technique is
verifi:ed in this manner. a numhe'r of forecasts wili be scored incor
rectly. Since actual cloud amounts were readil;T available from
the· detily record of observations atVancouver Airpoi~t. verification
therelwas· done in both ways. 1. e •• 'no cloud' was equcited to 0-6
tenths of cloud as well as to 0-5 tenths. It was then possible to
estimate the magnitude of the error attributable to symbolic veri
ficatibn. The results are given in Appendix 4; com.parison with
those· in Appendix 3 shows. as· expected~ that the num.ber of 'no
cloud' occurrences is larger. The magnitude of theincrease. about
30%. casts a little doubt on the effectiveness of the symholi-c sky
condition as- a basis for· verification. In all three time pe·riods. a
total of 17 forecasts of cloudy. considered correct on the symbolic
definition moved into the inc or ree t category on the precis e defin
ition, but to compensate. 19 forecasts of 'no cloud' previously
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consideredincorrect movedinto thecorrectcategory. Overall, the
percentage of correct forecasts and the skill scores differed very
little f'rom one system to the other.

At Vancouver, use of the proper verification basis reduced the
subsequent agreement from 92% to 87% when cloudy weather was
forecast and raised it when non-cloudy weather was forecast from
44 to 54%. Sinc e the sample period was predominantly cloudy,
correct forecasting of non-cloudy weather took on more:.i!l].p:ottance
and tperefore precise verification placed the results in this category
in a better light. However, with the inc rease in the number of days
defined as non-cloudy, the extent to which non-cloudy days were
c orrec tly forecas t dropped from about 84% in the approximate veri
fication to 760/0 in the more precise one.

Considering all airports. again, in the first twelve hour perioq,
on the average 75% of the forecasts were correctin both categories
(cloud and precipitation). This compared with the average optimum
figure of 79% for cloud and 77% for precipitation derived ·from the
dependent sample. In the second twelve hour period the average in,
both categories drops to about 72.5% and in the final period to 67.5%.
These are averages only and, as can be seenfrofn the tcibl-es, per
formance varies considerably with both ca"-tegory and station. At
a,ny giyenlocation thereis frequently much more skill in forecasts
of one of the two mutually exclusive possibilities than in the other.

For the 'rainy' airports, (Vancouver, Prince Rupert, and
Revelstoke) the percentage of correct forecasts in the I rain' cate
gory was higher than in 'no rain' .. The revers~ was true at 'dry'
airports (Benticton, Cranprook. and~Prince George). The clim
atological probability of rain is, of course, involved in this result.
The skill scores remov~ this climatological f~ctor. In general, on
the dependent sample, at the rainy airports, there is more skill in
forecasts of 'no precipitation' even though a greater percentage of
the forecasts of precipitation were correct. At the I dry' airports,
there was also more skill in the forecasts of precipitation. The
same pattern is noticable on the verified sample.

6. Sources of Error in the Operational Runs

In general, the forecasts showed lower skillthandid the results
on the dependent sample.

Possible reasons for deted0ration in time are listed below:

(a) Dependent data were "perfect progs". Actual run time data
were fro!U forecast fields.

•
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(b) Because of the amount of dat'a necessa,ry. grid point data
was ext,raeted from the prognostiC forecast fields 'and line
arly interpolated by computer.

, (c) The dependent sample 5 00 mb o winds were from Radiosonde
data whereas run time 500 mb o winds were from forecast
500 mb o height field gradients.

(d) The map scale of the forecast fields was 1 in 30 million
and maps were very ha rd td read at times. Quality control
checks indicated that errors could creep in due to'illegible
maps 0

. (e) In cases of missing surface Po E. model prognostics. the
Vane ouver forecas t prognostic s for the neares t valid time
were used; This was usually an earlier prognosis' valid 6
hours earlier, and in cases of missing 500 mb. maps, the
CAO baroclinic 500 mbo prognostic maps were used o In
cases of missing vertical velocity and relative 'humidity
maps, the mean vertical veloci ty and relative humidity of
the dependent sample was us ed for ~ach station.

Of thesereasons for poorer performance, the l,asti's most sig
nificant, The vertical veloci ty and relative humidity cor relate mos t
highly y;ith cloud and precipitation and the loss of maps of these
fields was a significant drawback. However, only some 5% of these

. maps were missing.

One must examine the distributions of predictors to find other
sources of error. The MDA technique essentially sorts :between
groups in the independent variable based upon the spread between
groups in the dependent variables or predictors. The Mahalanobis
D2 is the standard test statistic used to determine if the independent
variable groups are significantly well separated by the predictors
to as ses s the performance of the technique on dependent data. The
assumption of normality is that the distributions of the independent
variable and the predictors are normaL This is, of course, not
true for all the predictors, of for the cloud and precipitation dis
tributions. For this reason, skill scores and per cent correct are
also shown in the appendices 0

7 0 Conclusions

It is apparent from the tables ,in the appendices that the skill
scores on the operational runs are somewhat -lower than those on
the dependent sample.
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The reasons for these lower scores are outlined in Section 6
(Sources of Error) above. The most significant reason, however,
appears to be the inherent errors in prognostic fields. The oper
ational results that have been scored are not a fair test of the MDA
technique on independent data. It should be borne in mind that what
have been scor~dare the results of a modified operational technique
that cannot approach the scores on the dependent sample. Despite
the lower skill scor'es on these real-time runs, the forecast prob
abilities mirror the forecast fields, and as such, provide an ex
cellent first estimate for the operational forecasters. The fore
casters are aware of the frequent uncertainties in forecast fields
and use the probabilities in this light. A further point to note is
that to score probability forecasts correctly, more sophisticated
scoring systems should be used. We have scoredas "correct" those
forecasts of 50% probability and over that,were coincident with an
event and those forecasts of 490/0 and less that were c,oincident with
a non-event. In fact, if the forecast probabilities are distributed
normally, the "correct" forecasts based on this system should only
average 75% correct.

The encouraging results on the operational runs, using in some
cases substitute predictors. and in all cases, prognostic data, in
dicate that the MDA technique applied in .this manner can be a very
us eful tool in aiding the forecas ter.

APPROVED.

J.R.H. Noble,
As si stant Deputy Mini s ter,
Atmospheric Environment Service.
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APPENDIX 1

DEPENDENT SAMPLE

VANCOUVER AIRPORT

CLD

FCST

C N/C T

PCPN

FCST

PCPN NIP T

A

C
T
U
A
L

C

N/C

T

72 16 88

21 69 90

93 85 178

A PCPN

C
T

NIPU
A
L T

79 12 91

16 71 87

95 83 178

Percent Correct 79% Percent Correct 84%

THREE GROUP PROBABILITIES

CLD (TENTHS)

FCST

PCPN
(Nil, 0-.24, -Ct. OR = .25) .

FeST

8-10 3 -7 0-2 T HVY LGT NIL T

8-10
A

C
3-7

T
U
A 0-2
L

T

56 22 7 85

11 20 9 40

1 13 39 53

68 55 55 i78

_ .)?~f,<;::en,t.:,CoJ"r:.ect 70%

HVY
A
C

LGT
T
U
A NIL
L

T

i

18 6 0 24

15 43 9 67

1 16 70 87

34 65 79 178

:

Percent Correct 74%
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DEPENDENT SAMPLE

PRINCE RUPERT AIRPORT

A C
C

T
U N/C

A
L T·

, CLD

FCST

C ,N/C T

101 21 ,122

15 41 56

116 62 178

A PCPN
C
T
U Nip'

A
L T'

PCPN
FCST

PCPN'N/P T
'.

114 9 123

14 41 55

'128 SO 178

Perc ent Cor rec t 80%

REVELSTOKE AIRPOR T

PCPN
'FCST

PCPN N!P T

Percent CorreCt 87%

PRINCE GEORGE AIRPORT

PCPN
'FCST

PCPN.NIP T

A PCPN

C
T Nip
U
A

L T

61 17 78
."

14 86 1 0'0

75 10.3 1'7.8
. ' "

Percent 'Correct 83%

A PCPN

C
T Nip
U
A

L T

, .
63 ' 20 83

3-8 57 95

101 77 178

Perc en t Cor r ec t' 6 8%
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PENTIGT ON· AIRPORT

A C
C
T

N/Cu
A
L 'T

CLD
FCST

C N/c T

71 13 84

19 75 94

90 88 178

A PCPN
C
T Nip
u
A
L T

PCPN
FCST

PCPN NIP T
..

44 15 59

30 89 119

.74 104 178

Percent Correct 82% ..Percent Cor rec t 68%

GLD
FCST

CRAN BR OOK AIRPORT

PCPN
FC.ST

C N!C T PCPN NIP T

A C
C.
T

N/cu
A
L T

56 16 72

31 75 106.

87 91 178

A PCPN
C
T

NIP
U
A

L 'T

44 10 54

37 87 124

81 9,7 178,

Percent Correc t 74% Percent Correct 74%



APPENDIX 2

DISCRIMINANT ANALYSIS GUIDANCE BASED ON 030000Z DATA

WED NITE THURSDAY THU NITE

Prob of Cld Prob of Pcpn . Prob of Cld Prob of Pcpn Prob of Cld Prob oCPcpn

Vancouver 0.09 0.08 O. 18 0.24 0.62 0.93

Prince George 0.40 0.52 - 0.52 O. 72 0.62 o. 79

Pentic ton 0.03 0.39 0.12 O. 71 0.49 0.87

Cranbrook O. 19 O. 18 0.26 0.26 0.47 0.5p

Revels toke O. . 0.22 o. 0.36 O. O. 83

Prince Rupert 0.54 0.37 0.70 0.61 O. 80 0.87

ADDITIONAL VANCOUVER INFORMA TION
...........

CLOUD AMOUNT PROBABILITIES

0-2 3-7 8..:10
Tenths Tenths Tenths

Wednesday Night 0.63 0.25 ·0.12

Thursday 0.42 0.34 0.24

Thursday Night 0.05 0.40 0;55

PRECIPITATION AMOUNT PROBABILITIES

0-.25 =.25
. ):NiL Inche:s.. Inches

O. 81 0.10 0.04

0.65 0.23 0.12

0.01 o. 16 O. 83
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APPENDIX ;3

VANCOUVER FEB-APR 1972

PRECIPITATION

12 Hr. FCST
PCPNNO FeN TOT

24 Hr. FCST

PCPN NO FeN TOT

A
c.
T

R:::PN

NO pcm,

TOT

83 12 95

26 43 69

109 55 164

FePN

A

C .NO PCN

T

TOT

'69 25 94

20 49 69

89 74 163

Percent Correct 77% Percent Correct 73%
36 Hr.
FCST

PCPN NO FeN TOT

A

C NO R:::N

T
TOT

69 25 94

22 46 68

91 71 162

Percent Correct 71%

·CLD·

A

C NO·CLD

T
TOT

1ZHr.
EGST

GLD NO CLD TOT

89 38 127

7 30 37

96 68 164

Percent Correct 73%

CLOUD

.CLD.,

A

C NO CLD

T
TOT

:ZiHr.
FCST

C LD NOCLD TOT

68 56 124

5 34 . 39

73 90 163

Percent Correct 63%

36 Hr.
FCST

C LD NO CLJ) TOT

CLD
l

'

A

C NO CLD

T

TOT

66 57 123

6 33 .39

72 90 162

Percent Correct 61 %
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VANC OUVER AIRPOR T

FORECAST VERIFICATION FEB-APR 1972

THREE GROUP PROBABILITIES

CLOUD (TENTHS)

0-2

A
,C

3-7_..

T
U
A 8-10
L

roT

12 Hr.
FCST

0-2 3 - 7 8 -1 0 TOT

8 4 1 13

5 25 14 44
,

6 33 64 103

19 -62 79 160

. Total Correct 61%

A
C
T
U
A
L

36 Hr.
FCST

0-2

3-7

8-10

TOT

24Hr.
FCST

0-2 3-7 8-10 T€XC.
'-

7 5 0 12

9 24 12 45

11 4~ 4;7 102

: -
27 73 59 159

Total Correct 49%

\6
" .

0-2

A
C 3-7

T
U
A 8-10

L

TOT

0-2 3-7 8-10 TOT

7 4 0 11

12 25 9 46

15 38 49 102

34 67 58 159

Total Correct 51 %
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VANCOUVER AIRPORT

FORECAST VERIFICATION FEB-APR 1972

THREE GROUP PROBABILITIES

PRECIPITATION'

. 12Hr.
FCST

24 Hr •
FCST

NIL 0":25 =.25 TOT

NIL

A
c: 0-25
T

U
A =.25
L

TOT

40 24 3 67

10 49 11 70

0 19 6 25
, ,

50 92 20 162

NIL

A

C 0-25
T
U
A =.25
L

TOr

NIL 0-25 = 25 'TOT

47 16 4 67

12 53 P 71
"

2 16 4 22

61 85 14 160

Total Correct 68%

36 Hr.
FCST

NIL 0-25 =.25' TOT,

Total Correct 65%

NIL

A
C 0-25
T
U
A =.25
L

TOT

41 21 5 67. ,

19 40 11 70

1 17 5 23

61 78 21 160

Total Correct 54%
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SUMMARY OF FORECAST VERIFICATION

at

Penticton, Prince George, Cranbrook, Revelstoke, and Prince Rupe.r;t

AIRPORT PER CENT CORRECT FORECASTS

12 hr. fest 24 hr~ fest 36 hr. fest
"

'P'C13n : cld' pcpn cld, pcpn cld

Penticton 72 71 64 72 65, 65

Cranbrook 69 75 62 69'
' ,

60 65

Prince George, 69 75 73 78 59 69

Revels-toke, 76 .. 79 72 -
Prince Rupert 87 81 82 ' 81 83 77

"'" "
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APPENDIX 4

VANCOUVER VERIFICATION FEB-APR 1972
USING "NO CLOUD" 0-6 TENTHS

. "CLOUDY" AS 7-10 TENTHS. ", ,

A CLD

C

T NO CLD
U
A
L TOT

1.2 Hr.
FCST

CLD! NO CLD TOT

84 31 115

12 37 49

96 68. 164

Total'. Go:rrect: 740/.fu

A GLD,

c:
T NO CLD
U
A
L TOT

36 Hr.
FCST

CLD NO CLD TOT

24 Hr.
FCST

CLD NO CLD TOT

62 50 112

11 40 51

73 '90 163

~

Total Correct 63%

A CL,J.i)

C
T

NO CLD
U
A
L TOT
.1

60 51 III

12 39 51

72 90 162

Total Correct 61 %
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APPENDIX '5

VALUES OF MAHALANOBIS D 2 FOR DISCRIMINANT FUNCTIONS
DEVELOPED ON DEPENDENT DATA·SET

PR'ECLPITATION

Station Maha1anobis D2 Variables ObservaHons·: .

Vancouver 195 10 178

Prince George 52 10 178

Penticton' 76 10 178

Cranbrook 69 10 178

Revelstoke 158 ... j 10 178

Prince Rupert 140 10 178
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APPENDIX 6

SKILL SCORES F'ORDEF>ENDENT SAtv1F>LEFORECAST

PRECIPITATION

STATION.
NO

PCPN PCPN TOT

Vancouver .66 .72 .68

Prince George .30. .44 .35

Penticton .39 .56 .46

Cranbrook .34 .66 .45 .'

. R evelstoke .67 .62 .64

Prince Rupert .65 .74 .69



12 Hr.

. CLOUD FORECASTS VERIFIED

(As dO,udy- 7.-10 tenths)
24 Hr. 36Hr.

Vancouver
Cld
.58

No·
Cld
.35

Tot
.44

Cld

.52

No
Cld Tot

.19 .28
Cld
.·47

~O
Cid
.i7

'Tot
.25

!
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